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ABSTRACT OF THE DISCLOSURE 

A lithium secondary battery includes a oat hod© contain- 
ing, as an active material, a material that can be 
eloped /undoped with lithium Ions; an anode containing, as an 
active material, a lithium metal, a lithium alloy or a mate- 
rial that can be doped /undoped with lithium ionsr and a 
liquid or solid electrolyte. In this lithium secondary 
batter, the active material used in the cathode is lithiated 
nickel dioxide containing gallium. As a result, the l ithium 
secondary battery attains excellent cycle and overcharge 
resistance characteristics and has a high energy density. 
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TITLE OF THB INVENTION 

LITHIUM SECONDARY BATTERY 

BACKGROUND OF THB INVENTION 
Fiald of the Invention 

The preaent invention relate 9 to a lithium secondary 
battery comprising a cathode including, as en active materi- 
al, a material that can be doped /undopad with lithium ions, 
an anoda including, as an active material, a lithium metal, a 
lithium allay or a material that can he doped/ undoped with 
lithium lons r and a liquid" or aolid electrolyte. 
Description of Related Art 

Lithiated cobalt dioxide and Hthlated nickel dioxide 
are compounds having a so-called o\-NeFe0 2 type structure in 
which lithium ions are regularly arranged in a layered manner 
alternately with cobalt ions or nickel ions vertically to a 
closest packing layer of oxygen ions. Due to this structure, 
the lithium ions in a layer can be diffused comparatively 
eaaily, and hence, lithium ions can be electrochemically 
doped or undoped in such a compound. Therefore, various 
study have been made so as to apply theae compound* to a 
material for a cathode in a lithium secondary battery that is 
expected to play an important role as a high-performance 
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compact: secondary battery, and in the future, as a power 
supply for an electric vehicle or a power storage device for 
load leveling. 

Lithiated cobalt dioxide is already practically used ae 
a material for a cathode in a lithium aecondary battery for 
supplying power to soma of portable telephones and video 
cameras. In consideration of a material coat, however r 
lithiated cobalt dioxide, which is produced from an expensive 
cobalt ecmpnund, is inferior to lithiated nickel dioxide, 
which can be produced from an inexpensive and abundant nickel 
compound. 

The charging/discharging characteristic of lithiated 
nickel dioxide, however, largely depends upon the synthesis 
method thereof, end therefore, it is regarded to be difficult 
to synthesize lithiatefl nickel dioxide having a large dis- 
charge capacity as compared with lithiated cobalt dioxide. 
The reason for the difficulty is considered as follows* in 
lithiated nickel dioxide, nickel ie easily subetituted at a 
lithium site, and therefore, the resultant compound includes 
nickel remained at the lithium site unless the synthesis 
condition is appropriately selected. The nickel remained at 
the lithium site inhibits the diffusion of lithium ions, 
thereby adversely effecting the charging/discharging eharac- 
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t eristic of the resultant lithiated nickel dioxide- 

Recently, various attempts to synthesize lithiated 
nickel dioxide having a large discharge capacity have been 
made by optimising the synthesis condition. For example, 
Yamada et al., (The 34th Battery Symposium, Lecture No, 2A06 
C1993)} reported the following: lithiated nickel dio*ide 
with an oxidation number of Ni of approximately 3.0 was 
obtained by firing a mixture of LiOH H z 0 and Ni(OH) 2 in 
oxygen at a temperature of 700 "Cr and when a mixture of the 
resultant lithiated nickel dioxide, acetylene black and 
polytatrafluoroethylene f hereinafter referred to as ptfe) was 
adhered with pressure to a current collector to manufacture a 
cathode, the discharge capacity was found to be 200 mAh/g 
through the ^valuation by a constant capacity charge - They 
also reported th^t when the charge/discharge was continued to 
attain the discharge capacity of 200 mAh/g , the cycle charac- 
teristic was extremely poor and the lifetime was approxi- 
mately merely ten cycles* It was reported that it was neces- 
sary to minimi zo the charge capacity for the constant capaci- 
ty charge, i.e., the discharge capacity to be attained, in 
order to realise an excellent cycle characteristic, end that 
the charge capacity of 130 mAh/g or leas led to a lifetime of 
100 cycles or more. 
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Thus, lithiated nickel dioxide has a problem that the 
cycle characteristic is poor when It Is charged /discharged at 
a high capacity* 

On the other nana, lithiated nickel dioxide is Inferior 
to lithiated cobalt dioxide in an energy density whan used at 
the same capacity* This Is because lithiated nickel dioxide 
has a lower discharging voltage. Generally, it Is effective 
to increase the discharging voltage as well as the discharge 
capacity in order to obtain a secondary battery with a higher 
energy density. The discharging voltage, however, is defined 
as the characteristic of a material to be used, end hence, it 
has been impossible to increase the discharging voltage as 
far as pure lithiated nickel dioxide is used, 
SUMMARY OF THE INVENTION 

Considering the above-mentioned circumstance, the 
present inventors have made serious studies to find that a 
lithium secondary battery that can realize a high energy 
density ^nd an excellent cycle characteristic even when 
charged/discharged at a high capacity by using lithiated 
nickel dioxide containing gallium as gin active materiel in 
the cathode in a lithium secondary battery, which comprises 
the cathode including, as the active material, a material 
that can be doped/undoped with lithium ions, an anode lnclud- 
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ing, as an active material, a lithium Hiatal, a lithium alloy 
or a material that can be doped /undoped with lithium lone and 
a liquid or aolid electrolyte. 

The lithium, secondary battery of this invention com- 
prises a cathode including, as an active material, a material 
that can be doped/undoped with lithium lone; an anode Includ- 
ing, as an active material, a lithium metal, a lithium alloy 
or a material that can be doped/undoped ttith lithium ions; 
and a liquid or solid electrolyte. Ill thia lithium secondary 
battery, the active material in the cathode is lithiated 
nickel dioxide containing gallium. 

In a preferable embodiment, the lithiated nickel diox- 
ide containing gallium satisfies the following relationship: 

0 < x < 0.2 

wherein x Is a molar ratio of the gallium to a tsotal 
amount of the gallium and nickel contained in the lithiated 
nickel dioxide. 

In a more preferable embodiment , the lithiated nickel 
dioxide containing gallium satisfies the following relation- 
ship: 

0 < k i 0.05 

wherein x is a molar ratio of the gallium to a total 
amount of the gallium and nickel contained in the lithiated 
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nickel dioxide. 

J a a most: preferable ambodirosni: , -the lithiated nickel 
dioxide containing gallium satisfies the following relation- 
snips 

0.001 <r x < 0.02 

wherein x is a molar ratio of the gallium to a total 
amount of the gallium and nickel contained In the lithiated 
nickel dioxide. 

In one embodiment , the lithiated nickel dioxide con- 
taining gallium is obtained by firing a mixture of a lithium 
compound, a nickel compound, and gallium or a gallium com- 
pound. 

In another embodiment, the lithiated nickel dioxide 
containing gallium is obtained by dispersing a nickel com- 
pound in an aqueous solution including a gallium compound and 
a water-soluble lithium salt, evaporating a water content of 
the resultant solution to obtain a mixture, and firing the 
mixture in an atmosphere containing oxygen* 

In still another embodiment, the gallium compound is 
gallium nitrate, the water-soluble lithium salt is lithium 
nitrate and the nictel compound is basic nickel carbonate. 

in still another embodiment, the lithiated nickel 
dioxide containing gallium is obtained by adding a basic 
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compound to an aqueous solution of gallium nitrate to attain 
pH of 10 or more, dissolving lithium nitrate in the resultant 
solution, adding basic nickel carbonate thereto, then evapo- 
rating a *ater content of the solution to obtain a mixture, 
and firing the mixture in an atmosphere containing oxygen ♦ 
In one embodiment, the basic compound is lithium hy- 
droxide „ 

In one embodiment r the lithlated nickel dioxide con- 
taining gallium has a crystallite else of 700 angstrom or 
less determined through X-ray powder diffraction, 

in one embodiment, the lithium secondary battery is 
charged at leaet once at 220 mAh/g or more per weight, at the 
tine of the production thereof, of the lithlated nickel 
dioxide containing gallium. 

in one embodiment , the anode Includes graphite as a 
sole component or main component of an active material, and 
the liquid electrolyte comprises ethylene carbonate, dimethyl 
carbonate and ethyl methyl carbonate. 

The objective of the presont invention ie providing a 
lithium secondary battery having a high energy density and 
exhibiting excellent cycle and overcharge resistance charac- 
teristics even when charged/discharged at a high capacity. 
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BRIEF DESCRIPTION OP THB DRAWINGS 

Figure 1 la a graph showing the variation with cycles 
of the discharge capacity of lithium secondary batteries of 
an example and comparative examples; 

Figure 2 is a graph showing the variation with cycles 
of the average discharging voltages of the lithium secondary 
batteries of the example and the comparative examples; 

Figure 3 is a graph showing the discharging curves of 
tlie lithium secondary batteries of the example and the com- 
parative example; 

Figure 4 is a graph showing the variation with cycles 
of the discharge capacities of lithium secondary batteries of 
other examples and another comparative example; 

Figure 5 shows the results of powder X-ray diffraction 
performed on the cathode active materials o£ the examples; 

Figure 6 Is a graph shewing the variation with cyclas 
of the discharge capacities of lithium secondary batteries of 
still other example* and another comparative example; and 

Figure 7 is a graph showing the variation with cycles 
of the discharge capacities of lithium secondary batteries Of 
examples . 

DESCRIPTION OF THB PREFERRED EMBODIMENTS 

The present Invention tcill now be described in detail. 
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A cathode of a lithium secondary battery of this inven- 
tion includes, as an active material r a material that can be 
doped/undoped with lithium ions, and the material that can be 
doped/undooed with lithium ions is herein lithiated nickel 
dioxide containing gallium* 

as a method for adding gallium to lithiated nickel 
dioxide, previously synthesized lithiated nickel dioxide can 
be mixed with gallium or a gallium compound to .be fired. 
However, in order to simplify the production process and 
homogeneously add a small amount of gallium, it is preferred 
that a lithium compound, a nickel compound, and gallium or a 
gallium compound are mixed with one another to be fired. 
Alternatively, a nickel compound and gallium or a gallium 
compound can be first mixed with each other to be fired, and 
then the fired mixture can be mixed with a lithium compound 
to be fired again- Similarly, a lithium compound and gallium 
or a gallium compound can be first mixed with each other to 
be fired", and then the fired mixture can be mixed with a 
nickel compound to bo fired again. 

Examples or the lithium compound used in the invention 
includes lithium carbonate, lithium nitrate and lithium 
hydroxide. Examples of the nickel compound used in the 
invention includes nickel oxide r nickel hydroxide, nickel 
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nitrate, nickel carbonate Nic0 3 *wH 2 O < wherein w£0), basic 
nickel carbonate* xNiC0 3 -yNi(OH ) 2 -zH a O (wherein x>0, y>0 ana 
z>0) and acidic nickel carbonate NimH^nCCO^m+n (wherein nt>0 
and n>0). As a raw material for gallium to be added, a 
gallium compound such as metal gallium, gallium oxide. , galli- 
um nitrate and gallium hydroxide can be used. In particular, 
a preferred gai Uum compound is a water- soluble gallium salt 
such as gallium nitrate* 

The following is a preferred method cor mixing the 
lithium compound, the nickel compound and the gallium com- 
pound and firing the obtained mixture: The nickel compound 
Is dispersed In an aqueous solution including the gallium 
compound and the water-soluble lithium salt, and the water 
content of the obtained solution is evaporated. The thus 
obtained mixture is fired in an atmosphere containing oxygen. 
In thia method, the water -soluble lithium salt can be homoge- 
neously mixed with the gallium compound, and the nickel com- 
pound. Therefore, the resultant llthlated nickel dioxide is 
free from lacking lithium In some portions due to 
uminiform.ity of the mixed components. 

As a result of further study, the present inventors 
found a pre fez-red combination of the materials as follows! 
gallium nitrate is preferably used as the gallium compound, 
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lithium nitrate as the water- soluble lithium salt, and basic 
nickel carbonate as the nickel compound* When the llthiated 
nickel dioxide containing gallium obtained from these materi- 
als is used in a cathode, the resultant lithium secondary 
battery is found to realize a high energy density. 

When gallium nitrata r lithium nitrate and basic nickel 
carbonate are used as the gallium compound , the ttater-soluble 
lithium salt and the nickel compound, respective ly, an aque- 
ous solution of: gallium nitrate and lithium nitrate is acid- 
ic. Whan basic nickel carbonate ia added to this aqueous 
solution, carbon dioxide is generated and galilum hydroxide 
is precipitated therein. Therefore, gallium is actually 
added to and mixed in the solution as gallium hydroxide. 

As a result of further study to improve the 
above-mentioned method, the present inventors- found the 
following: When the pH of en aqueous solution of galliutn 
nitrate is increased to exceed 10, the solution once becomes 
cloudy due to the precipitation of gallium hydroxide, and 
then suddenly becomes leas cloudy, and becomes substantially 
transparent at pH of li or more, when the solution has pH of 
10 or more, gallium is regarded to be dispersed in the solu- 
tion a a gallium hydroxide in the shape of extremely fine 
colloid, or to be dissolved in the solution as dioxogallate 
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Ions Ga<V- Accordingly, aftBr a basic compound Is added to 
the aqueous solution of gallium nitrate to increase pH of tine 
solution to exceed 10, lithium nitrate is then dissolved in 
the solution, and basic nickel carbonate is also dispersed in 
the solution. The water content of the thus obtained solu- 
tion is evaporated, and the resultant mixture is fired in an 
at oncosphere containing oxygen. When this method is adopted, 
gallium can be homogeneously mixed with the other materials 
because, as described above, it is dispersed as gallium 
hydroxide in the shape of extremely fine colloid or dissolved 
as dloxogallate ions <3a0 2 ~. in this method, side production 
of a composite oxide of lithium and gallium, which makes no 
contribution to charge /discharge, can be suppressed, and 
hence, this method is particularly preferred when only a 
small amount of gallium is to bs added. 

Further , when lithium hydroxide, lithium oxide Or 
lithium peroxide Is used as the basic compound to increase 
the pH of the gallium nitrate solution, lithium nitrate is 
remained as a result of the neutralization reaction between 
such a lithium compound and the solution* Lithium nitrate, 
however, is consumed in and has no harmful effect on the 
production of lithi'ated nickel dioxide containing gallium. 
Therefore, the above- mentioned basic compounds are preferred, 
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ymong which lithium Hydroxide Is most preferable because of 
Its inexpensivenese and easiness in handling. 

The above -mentioned mixture Is fired preferably in an 
atmosphere, containing oxygen, more preferably in oxygen, and 
most preferably In an oxygen stream. 

The firing temperature is preferably in the range 
between 350 fl C and QOO^C, and more preferably in the range 
between 60CTC and 750 T, When the firing Temperature exceeds 
800 Q C, the resultant lithiated nickel dioxide includes a 
larger ratio of a rock salt domain in which lithium long and 
nickel ions are irregularly arranged, which results in inhi- 
bition of reversible charge/discharge. When the firing 
temperature is below 350 °C X the generation reaction for 
lithiated nickel dioxide is scarcely effected. 

The firing time is preferably 2 hours or more, and more 
preferably 5 hours or more. 

The amount of gallium to be added is preferably as 
small as possible since gallium or a gallium compound is 
expensive. Specif ically, when a molar ratio of gallium to be 
mixed to the total amount of the gallium and the nickel 
compound is taken as x, the relationship o£0<x£0.2is 
preferably satisfied. When x is less than 0.05, the diffrac- 
tion peak in X-ray powder diffraction of a composite oxide of 
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lithium and gal Hum , which makes no contribution to the 
reversible charge/discharge, has a smaller intensity, or 
there appears no diffraction peak of the composite oxide of 
lithium and gallium* This id advantageous in consider at ion 
of the discharge capaoity per volume or weight- Therefore, 
the relationship of 0 < x < 0.05 is more preferably satis- 
fied . Further, taking both the discharge capacity and the 
cycle characteristic into consideration, the relationship of 
0.001 < x < 0.02 is most preferably satisfied. 

Furthermore, the present inventors examined the rela- 
tionship between the cycle characteristic and a crystallite 
size obtained through the x-ray powder diffraction of 
lithiated nickel dioxide containing gallium. as a result, 
the inventors found that lithiatod nickel dioxide with a 
crystallite size of 700 angstrom or less exhibits an excel- 
lent cycle characteristic and overchrage resistance. Thus, 
the present invention was accomplished. 

The cathode of the lithium secondary battery of the 
present invention Includes , as an active material, the above- 
mentioned lithiated nickel dioxide containing gallium, and 
cert further include, as additional components f a carbonaceous 
material as s» conductive substance and a thermoplastic resin 
as a binder. 
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Examples of the carbonaceous material include natural 
graphite r artificial graphite and cokes. Example a of the 
thermoplastic rosin include poly < vinyl idene fluoride) (here- 
inafter referred to as PVDF), PTFE, polyethylene and 
polypropylene , 

The anode of the present lithium secondary battery 
included a lithium metal, a lithium alloy or a material that 
can be doped/undoped with lithium ions. Examples of the 
material that can* be doped/undoped with lithium ion$ include 
carbonaceous materials such as natural graphite, artificial 
graphite, cokes, carbon black „ pyro lytic car bona , carbon 
fibers and fired products of organic polymer compounds. Among 
the carbonaceous materials, the graphitic materials such as a 
natural graphite or an artificial graphite are more prefera- 
ble than others for anode, because of the flatness of their 
charging/discharging potential and of their low average 
working potential which, when combined with a cathode, pro- 
vide high energy density. The carbonaceous material can be in 
any shape including a flake, a sphere, a fiber or en agglom- 
erate of fine powder. The anode can further include e ther- 
moplastic resin as a binder, i£ necessary, Examples of the 
thermoplastic resin include PVDF, PTFE, polyethylene and 
poly propyl ene * 
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The electrolyte of the present lithium secondary bat- 
tery can be liquid or solid. An example of the liquid elec- 
trolyte Includes a nonaqueous liquid electrolyte In which a 
lithium salt is dissolved In an organic solvent. An example 
of the solid electrolyte includes a so-called solid electro- 
lyte* 

The lithium salt to be dissolved in the nonaqueous 
liquid electrolyte Is one of or a combination of two or more 
Of I,iClO <x LiPF 6 , LiAsF 6 , LiebF*, I.iBF 0 , LiCF 5 £D„ LiN( CrfiO z ) z , 
Li 2 B 10 Cl 10 „ lover aliphatic lithium carbcwcyliite and LiAlCt a . 

ExAmples of the organic solvent include carbonates such 
as propylene carbonate, ethylene carbonate, dimethyl carbon- 
ate , diethyl carbonate and ethy methyl carbonate ? ethers such 
as 1 r 2 - d imethoxye thane , 1,3- dime thoxy propane , tet r ahy dr of ur an 
and 2-methyltetrahydrofuran; esters such as methyl formate, 
methyl acetate and y-nutyrolaotone; nitriles such es aoetoni- 
trile and butyrQnitrile; amides such as 

N r N- dimethyl formaml de , and N r N.-di me thy lacet ami de ; carb amat es 
euch as 3-niethyl-2-oxazolidoner and sulfur-containing com- 
pounds euch as sulfolane, dimethyl sulfoxide and 1,3 -propane 
suit one ♦ Generally, a combination of two or more of these 
compounds is used. In particular, a mixed solvent including 
a carbonate is preferably used, and a mixed solvent of a 
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combination of a cyclic carbonate and a noncyclie carbonate 
or a combination of a cyclic carbonate and an ether is more 
preferably used. Among the mixed solvents of cyclic carbon- 
ates and non-cyclic carbonates, the solvents which comprise 
ethylene carbonate, dimethyl carbonate, and ethyl methyl 
carbonate are more preferable than others r because they 
provide wide operating temperature range and excellent drain 
capability and they are hardly decomposed when .they are used 
with the anode including said graphitic materials. 

EKamplee of the solid electrolyte includes polymer 
electrolyte such as polyethylene oxide polymer compounds and 
polymer compounds including at least one of a 
polyorganosiloxane branch and a poly oxy alky lene branch; 
sulfide type electrolyte such as Li ? S-SiS a , i,i a s-Ges 2 , 
Li^S-PjSg and Lx ? s-B a S 3 and inorganic compound type electrolyte 
including sulfide such as Li a S-SiS a -Li 3 P0 4 and Li^S-SiS^-Li^O^. 
Further, a so-called gel type electrolyte in which a nonaque- 
ous liquid electrolyte is held by a polymer can be ueed* 

The shape of the present lithium secondary battery is 
not particularly specified, and can ba in any shape including 
paper, a coin, a cylinder and a rectangular parallelepiped* 

According to the present invention, the lithium second- 
ary battery can attain an excellent cycle characteristic even 
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when charged/ discharged at: a high capacity, and also can 
attain a High energy density because It has a higher dis- 
charging voltage than a conventional lithium secondary bat- 
tery using pure lithiated nickel dioxide. Although it is not 
very clear why -the present lithium secondary battery attains 
these excellent characteristics, the following is considered 
to be the reason: the structure of lithiated nickel dioxide 
is stabilized when charged/discharged, especially when deeply 
charged, by incorporation o£ gallium into the crystal struc- 
ture of lithiated nickel dioxide in some way, or by suppress- 
ing the growth of the crystallite of lithiated nickel dioxide 
by gallium. 

Xn a battery using pure lithiated nickel dioxide, when 
it is charged by using lithium as a counter electrode „ an 
open circuit voltage (hereinafter referred to aa dCV) in- 
creases as the charge capacity Increases. it is observed 
that when the charge capacity exceeds approximately 200 
mAh/g, the OCV no longer increases but remains constant at 
4.18 V, a potential against lithium. Whereas in the battery 
using lithiated nickel dioxide containing gallium, the OCV 
does not remain constant at 4. IS V but further increases as 
the charge capacity increases. Further f the charg- 
ing/discharging curve of the battery using pure lithiated 
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nickel dioxide has several inflection points that can bo 
regarded to correspond to the change of Its crystal struc- 
ture, while the charglng/dis charging curve of the battery 
using lithiated nickel dioxide containing gal Hum Is smooth 
and it ia difficult to identify such an inflection point in 
this curve. From these facts, it is considered that the 
gallium added to the lithiated nickel dioxide affects the 
crystal structure or the crystallite size of the lithiated 
nickel dioxide in some way. 

The present lithium secondary battery using lithiated 
nickel dioxide containing gallium as an active materi&l for 
the cathode exhibits a high energy density and has an excel- 
lent cycle characteristic even when charged/discharged at a 
high capacity. The lithium seoontfary battery, however, 
exhibited a comparatively large over voltage at an initial 
stage, the reason for which is not apparent. Therefore, at 
firsts the battery had a problem that several charg- 
ing /discharging cycles were required to settle the 
overvoltage, namely, the rise of the discharge capacity of 
the battery was delayed. 

The present inventors made further study to overcome 
this problem, and found that a quick rise of the discharge 
capacity can be attained by decreasing the overvoltage at the 
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initial stage through conducting at least one charge at 220 
mAh/g per weight of lithiated nickel dioxide containing 
gallium at the time of the production thereof. 
[Examples] 

The present Invention will now be described in more 
detail by way of examples, which do not limit -Che invention. 
An electrode and a plate battery for a charging/discharging 
test were manufactured as follows, unless otherwise men- 
tioned: 

Tq a mixture ot lit hi a ted nickel dioxide or lithieted 
nickel dioxide containing 9 allium, that is, an active materi- 
al, end acetylene black as a conductive substance was addad a 
1 -methyl -2 -pyrrol! done (hereinafter referred to as nmp) 
solution Including pvdf as a binder so as to attain a compo- 
sition ratio among the active material, the conductive sub- 
stance and the binder of 9l;6:3 (weight ratio)- The resul- 
tant solution was kneaded to obtain a paste. The paste was 
coated over a #2O0 stainless mesrh, which was to work ee a 
current collector, and the mesh bearing the paste wae dried 
in vacuum at a temperature of 150 P C for 8 hours. Thus, an 
electrode was produced. 

By using the thus obtained elect rode „ a plate battery 
we a manufactured together with a iiguid electrolyte described 
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below, a polypropylene microporouB membrane as a separator 
end metal lithium as a counter electrode (I.e., an anode)- 
The used liquid electrolyte was a solution in which I-iC10 4 
was dissolved at a proportion of 1 molar /litter in a 1:1 
mixture of propylene carbonate (hereinafter referred to as 
PC) and 1, 2-dimethoxye thane (hereinafter referred to as dme) 
(Hereinafter this liquid electrolyte Is referred to as 
I*1C10 4 /PC+DME. ) ; or a solution in which LiPF fi was dissolved 
at a proportion of 1 mglar/ litter in a 30:35:35 mixture of 
ethylene carbonate (hereinafter referred to as EC), dimethyl 
carbonate (hereinafter referred to as DMC) and ethyl methyl 
carbonate (hereinafter referred to as BMC) (Hereinafter this 
liquid electrolyte is referred to a a LiFF fi /EC+DMC+EKC* ) ♦ 

The X-ray powder diffraction was conducted by using a 
RAD- I1C system (manufactured by Rigaku Corporation) under the 
following condition: 

X-ray: CuKa (monochroaiatlzed by a graphite curved 
monochromator ) 

Voltage - currents 40 kv - 30 mA 

Range of measured angle: 26 = 15 to 140 D 

Slit: DS-l ft r RS-Q.15 mm, SS-l* 

Step: 0.02* 

Counting time: 1 second 
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Obtained data wewe processed by using an JAKP system 
(manufactured by Mac Science Co,, &td« > as follows: First, a 
true profile was obtained by a Stokes method, and then a 
crystallite eiae wae calculated by a Warren & Averbach meth- 
od. 

Example X: 

First, 2.09 g of gallium nitrate <Ga(N0 3 ) > 9H a O; manu- 
factured by ttojundo Chemical Laboratory Co., Ltd,,- 3N graded 
reagent), 7.23 g of lithium nitrate (manufactured by Wako 
Pure Chemical Industries, Ltd.; guaranteed graded reagent) 
were dissolved in 15-1 g o£ water* Then, 11.91 g of basic 
nickel carbonate <N1C0 3 •2Ni(OH) 3 '4^0; manufactured by Wako 
Pure Chemical industries , Ltd.r graded reagent) was added to 
and homogeneously dispersed In the obtained solution* The 
water content of the resultant solution was evaporated, and 
the obtained raicture was charged in a tublar furnace having 
an alumina cere tube to be fired in an oxygen stream of 50 
cmVrain. at a temperature of 660*0 for 15 hours. At this 
point, a molar ratio x of gallium to the total amount of 
gallium and nickel was set to be O.OS. 

By using the thus obtained powder, a plate battery (in 
which a liquid electrolyte was LiCl0 4 /PC*DME) was manufac- 
tured to be subjected to a charging /discharging teat under 
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the condition of a maximum charging voltage o£ 4-3 v, a 
minimum discharging voltage of 2,5 V and a constant current 
of 0,17 mA/cm 1 . During the charging/ discharging test, a 
resting time of 2 hours was provided between the termination 
of the charge and the start of the discharge so as to settle 
an overvoltage, and the voltage Immediately before the start 
of the discharge was regarded as the OCV after the termina- 
tion of the charge. The OCVs after the termination of the 
charge in the 5th cycle and the 20th cycle ware both 4-22 V. 

Figure 1 shows the variation of the discharge capacity 
up to tha 30th cycle. The discharge capacity in the 30th 
cycle was 17 1 mfth/g, and thus the battery exhibited an excel- 
lent cycle characteristic » 

Figure 2 shows the variation of the average discharging 
voltage up to the 30th cycle. The average discharging; volt- 
age in tha 30th cycle was kept at 3.80 V* 

Figure 3 shows the discharging curve in the first 
cycle. In this graph, the discharge capacity ia normalized 
for comparison. This graph reveals that the discharging 
curve obtained by using lithiated nickel dioKide containing 
gallium is smooth and that it is difficult to identify an 
inflection point that is conventionally observed in using 
pure lithiated nickel dioxide* 
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Comparative Example 1: 

First, 94.1 g of lithium nitrate (manufactured by Wako 
Pure Chemical Industries, Ltd,; guaranteed graded reagent) 
*as dissolved in 150 g of water, and then 163.0 g of basic 
nickel carbonate ( WiCO a -2Nl(OH) 2 -4H 2 0; manufactured by wako 
Pure chemical industries. Ltd. r graded reagent) was added 
thereto to be homogeneously dispersed* The water content of 
the resultant solution was evaporated, and the obtained 
mixture was charged In a tublar furnace having an alumina 
core tube to he fired in an oxygen stream of 50 cm*/m±r\~ at a 
temperature of 720 °C for 5 hours. 

By using the thus obtained powder, a plate battery {in 
which a liquid electrolyte was i/iCL0 4 /FCi-DMB) was manufac- 
tured to be subjected to a charging/ discharging test under 
the condition of a maximum charging voltage of 4-3 V, a 
minimum discharging voltage of 2.5 v and a constant current 
of 0*17 mA/cm ? , During the charoing/di ©charging test, a 
resting time of 2 hours was provided between the termination 
of the charge and the start of the discharge so as to settle 
an o ver volt age P and the voltage immediately before the start 
of the discharge was regarded as the OCV after the termina- 
tion of the Charge* The OCVs after the termination of the 
charge in the 5th cycle and the 20th cycle were both 4.18 v. 
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The variation of the discharge capacity up to the 30th 
Cycle is shown In Figure i. The discharge capacity in -the 
30th cycle was 161 inAh/g, which was largely degraded as 
compared with the discharge capacity in the Initial stage Of 
the test* 

The variation of the average discharging voltage up to 
the 30th cycle is shown in Figure 2. The average discharging 
voltage in the 30th cycle was 3.70 V p which was lower by 0,1 
V than that of the battery or Rxample 1* The discharging 
curve in the first cycle is shown in Figure 3. In this 
graph, the discharge capacity is normalised for comparison* 
The discharge capacity of this battery has a complicated 
shape having several infection points that are regarded to 
correspond to the change of -the crystal structure. This 
discharging curve la apparently different from that o£ the 
battery using li-thiated nickel dioxide containing gallium, 
comparative Example 2: 

By using the powder of lithiated nickel dioxide ob- 
tained In Comparative Example 1, a plate battery (in which a 
liquid electrolyte wae LiC10 fl /PC+DKE) was similarly manufac- 
tured to be subjected to a charging/ discharging teet under 
the condition of a maximum charging voltage of 4.2 V, a 
minimum discharging voltage of 2.5 V and a constant current 
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of 0.17 niA/cm*. 

The variation of the diacharge capacity and that of the 
average discharging voltage up to the 10th cycle are shown in 
Figures 1 and 2, respectively. The discharge capacity in the 
10th cycle was 169 niAh/g* Thus, when the maximum charging 
voltage is decreased , the cycle characteristic is Improved, 
whereas the discharge capacity is decreased. The average 
discharging voltage In the 10th cycle was 3.73 V, which was 
lower by approximately 0.1 y than that of the battery of 
Example 1 . 

Example 2: 

First, 0*235 g of gallium oxide (manufactured by 
Kojundo Chemical Laboratory Co. r Ltd.; 3n graded reagent), 
3.62 g of lithium nitrate (nianvf actured by Make Pure Chemical 
Industries, Ltd.; guaranteed graded reagent ), and 5.96 g of 
basic nickel carbonate (Nica 3 -2Ni(OH), *4H 2 07 manufactured by 
Viako Pure Chemical industries, Ltd.; graded reagent) were 
homogeneously mixed in an agate mortar. The obtained fixture 
was charged in a tublax- furnace having an alumina core tube 
to be fired in an oxygen stream of 50 caP/tain* at a tempera- 
ture of 660 D C for 15 hours. At this point, a molar ratio h 
Of gallium to tha total amount o£ gallium and nickel was set 
to be 0.05. 
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By using "the thus obtained powder , a plate battery {in 
which an liquid electrolyte wed LiClO^/PODME) was manufac- 
tured to be subjected to a charging /discharging test under 
the condition of a maximum charging voltage of 4.3 V, a 
minimum discharging voltage of 2*5 V, and a constant current 
of 0.17 aaA/am 2 . During the charging /discharging test, a 
resting time of 2 hours was provided between the termination 
of the charge and the start of the discharge so a* to settle 
an over volt age, and the voltage immediately before the start 
of the discharge was regarded as the OCV after the termina- 
tion of the charge. The OCVs after tha termination of the 
charge in the 5th cycle and the 20th cycle were both 4,22 V. 

The discharge capacity in the 30th cycle was 165 ruAh/g 
and the average discharging voltage In the 30th cycle was 

Comparative Example 3: 

By using the powder obtained in Comparative Example 1, 
a plate battery (in which a liquid electrolyte wae 
LiClo^/PC+DKE) was manufactured to be subjected to a charg- 
ing/discharging test using charge by a constant current and 
voltage and discharge by a constant current under the follow- 
ing condition: 

Maximum charging voltage: 4.3 V 
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Charging times 6 houra 
Charging current: 1 raA/cra* 
Minimum discharging vol tags: 2.5 V 
Discharging current: 0.17 mA/cm 2 

Above-mentioned charge by a constant current and volt- 
age will be described In more detail. At first a battery id 
charged up to a maximum charging voltage <4.3 v In this 
Comparative Example) with a constant charging current (1 
mA/cra 3 In this Comparative Example), then the charging cur- 
rent is decreased to keep the voltage of the battery as high 
ae the maximum charging voltage. The charge is terminated 
when total charging time reaches a predetermined charging 
time (6 hour a in thie Comparative Example), 

The discharge capacity up -to the 20th cycle la shown in 
Figure 4, As compared with the battery of Comparative Exam- 
ple 1, this battery traa degraded with cycles faster because 
it was charged with a constant current and voltage under & 
severer condition, namely, it was supplied with a voltage of 
4-3 v for a longer time,, although it was discharged in the 
same manner as in Comparative Example 1. 
Example 3 : 

By using the powder obtained in Example 1, a plate 
battery {in which a liquid electrolyte wae UCIO^/FC+DME) was 
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manuf actured to ba subjected to a charging/discharging test 
using charge by a constant current and voltage and did charge 
by a constant current under the same condition as In Compara- 
tive Example 3* 

The variation of the discharge capacity up to the 20th 
cycle la shown in Figure 4. Although the capacity la slight- 
ly decreased with that in the 10th cycle as a peak, this 
battery exhibited a superior cycle characteristic as compared 
with the battery containing no gallium (i.e., Comparative 
Example 3 ) even when the battery was charged more severely 
with a constant current and voltage. 
Example 4: 

First, 106.6 g of lithium nitrate (manufactured by Wako 
Pure Chemical Industries, Ltd.? guaranteed graded reagent) 
was dissolved in 150 g of water. Then, to the resultant 
solution were added 9.06g of gallium hydroxide (Ga<0H) e ; 
manufactured by Kojundo Chemical Laboratory Co,, Ltd.: 3N 
graded reagent) and 190,5 g of basic nickel carbonate 
(NiC0 3 -2Ni(OH) 2 -4H 3 o; manufactured by Wako Pure Chemical 
Industries, Ltd.; graded reagent) to be homogeneously dis- 
persed. The watar content o£ the resultant aolution was 
evaporated. The obtained mixture wah charged in a tublar 
furnace having an alumina core tube to be fired in an oxygen 
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stream of 50 cmVmin, at a temperature of 660 °C for 15 hours. 
At this point, a molar ratio x of gal Hum to the total amount 
of gallium and nickel was set to be 0.05, 

By using the thus obtained powder, a plate battery (in 
which a liquid electrolyte was LiCl0 4 /FODME) was manufac- 
tured to be subjected to a charging/discharging test using 
charge by a constant current and voltage and discharge by & 
constant current under the seme condition as In Example 3 . 

The variation of the discharge capacity up to the 20th 
cycle is shown in Figure 4* Although the discharge capacity 
in the initial stage was small and the rise of the discharge 
capacity was delayed, the battery exhibited an excellent 
cycle characteristic from the 8th cycle on, even whan charged 
with the constant: current and voltage. 

The X-ray diffraction of the obtained powder is shown 
in Figure 5, In this powder , a small amount of a composite 
oxide of lithium and gallium, LiGaO a , was found- 
Example 5: 

First, 13,64 g of gallium nitrate f Ga(N0 3 )^9H s 0; manu- 
factured by Kojundo Chemical Laboratory Co., Ltd. ? 3r* graded 
reagent) and 12-06 g of lithium nitrate (manufactured by Wako 
Pure Chemical Indus tries, Ltd.; guaranteed graded reagent) 
were dissolved in 19-3 g of water, Then r 16-72 g of basic 
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nickel carbonate (NiC0 1 . 2141(011)2.411,0; manufactured by Wako 
Pure Chemical industries, Ltd. ; graded reagent) was added to 
and homogeneously dispensed in the obtained solution, and the 
water content of the resultant solution was evaporated* The 
obtained mixture was char gad in a tublar furnace having an 
alumina core tube to be fired in an oxygen stream of 50 
cm 3 /min- at a temperature of 660 °C for 15 hours. At this 
point, a molar ratio x of gallium to the total amount of 
gallium and nickel was set to be 0*2* 

By using the thus obtained powder, a plate battery {in 
which a liquid electrolyte was LiC10</PCM-DME) was manufac- 
tured to be subjected to a charging/discharging test using 
charge by a constant current and voltage and die charge lay * 
constant current under the same condition as in Example 3- 

The variation of the discharge capacity up to 20th 
cycle is shown in Figure 4. Although the discharge capacity 
was as small as 120 mAh/g, the battery exhibited an excellent 
cycle characteristic even when charged with a constant cur- 
rent and voltage. 

The result of the x-ray diffraction of the obtained 
powder is shown in Figure 5. In this powder,, a large amount 
of the composite oxide of lithium and gallium, LiGa0 2 , was 
found. The cycle characteristic was Improved by the addition 
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of gallium in this battery, but it had a die advantageously 
small discharge capacity per weight due to the presence of a 
large amount of the compound making no contribution to the 
charge/discharge. It is regarded that the compound blocks a 
conductive path in the battery, thereby making the discharge 
capacity small. 
Example 6: 

First, 6.97 g of gallium nitrate (Ga(NO g ) 3 -9H 3 0? manu- 
factured by Kojuntio Chemical Laboratory Co, r Ltd* ? 3N graded 
reagent) was dissolved in 3^5 g bf water. The pH of the 
obtained solution was 1-47. Then, 2.61 g of lithium hydrox- 
ide monohydrate (LiOH-H^O; manufactured by Wako Pure Chemical 
Industriee, Ltd,; guaranteed graded reagent) was added to and 
dissolved in the solution. The resultant solution became 
cloudy once and then became transparent. The pH of the 
solution at thia point was 11.16. Then, 20.67 g of lithium 
nitrate (manufactured by Wako Pure Chemical industries, Ltd*? 
guaranteed graded reagent) was dissolved in the solution, and 
42.34 g of basic nickel carbonate (NiC0 3 -2Ni(0H) 2 -4H z O; manu- 
factured by Wako Pure chemical Industries, Ltd.; graded 
reagent) was successively added thereto to be homogeneously 
dispersed. The water content of the resultant solution was 
evaporated, and the thus obtained mixture was charged in a 
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tublar furnace having an alumina core tube to be fired in an 
oxygen stream of 50 cm'/mln. at a temperature of 660"C for 15 
hour a. a molar ratio x of gallium to the total amount of 
gallium and nickel was set to be 0*05. 

By using the thus obtained powder, a plate battery (in 
which a liquid electrolyte was L1C10 4 /PC+DMB) was manufac- 
tured to be subjected to a charging /discharging test using 
Charge by a constant current and voltage and discharge by a 
constant current under the same condition as in Example 3. 

The variation of the discharge capacity up to 20th 
cycle is shown in Figure 4. This battery had a quicker rise 
of the discharge capacity than that of Example 4, and exhib- 
ited a superior cycle characteristic to that of Example 3 
from the 7th cycle on. 

The result of the x-ray diffraction of the obtained 
powder is shown in Figure 5- in this powder r no diffraction 
line of the composite o^ide of lithium and gallium, Li(?aO a , 
was found. 

Comparative Example 4; 

By using the powder obtained in Comparative Example 1, 
e plate battery (in which a liquid electrolyte was 
LiPF 6 /EC+GKCH.BMC} was manufactured to be subjected to a 
charging/discharging test using charge by a constant current 
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and voltage and discharge by a constant current under the 
following condition: 

KaKimuro Chatting vOltage: 4.3 V 

Charging time; 8 hours 
Charging current: 0.3 raA/cra 9 
Minimum discharging voltages 3»0 V 
Discharging current! 0.3 mA/csn* 

The variation of the discharge capacity up to 20th 
cycle is shown in Figure 6. Further, a capacity holding 
ratio Rl from the 1st cycle to the 10th cycle (i*e*, the 
discharge capacity in the 10th cycle/ the discharge capacity 
in the let cycle) and a capacity holding ratio R2 from the 
llth cycle to the 20th cycle (i.e., the discharge capacity in 
the 20th cycle/ the discharge capacity In the llth cycle) are 
listed in Table 1 below. Although the battery was degraded 
leee and less through the cycles , the discharge capacity was 
largely decreased as compared with that at the initial stage. 
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Table 1: 





X 


Rl 


R2 


Cry at^alli -be size 

(A) 


Comparative 4 


0 


0.783 


0.862 


810 


Example 7 


0.06 


1*239 


1 . 023. 


320 




0.O2 


1.124 


1.005 


3 3D 




0*01 


1,048 


0,979 


370 




0.005 


1.047 


0.969 


360 




0,001 


l.OSB 


0.949 


• 430 
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Example 7 i 

Gallium nitrate (Gaf TO 3 ) 3 -6-2H a O; manufactured by 
Kojundo Chemical Laboratory Co,, Ltd. ; 3N graded reagent ) t 
lithium nitrate {manufactured by wako Pure Chemical indus- 
tries, Ltd.; guaranteed graded reagent) and basic nickel 
carbonate (NiCO, *2Ni{0H) 2 "4ltp: manufactured by Wako Pure 
Chemical Industries, Ltd*; graded reagent) were weighed so ae 
to achieve molar ratios x of gallium to the total amount of 
gallium and nickel of 0.05, 0-02, 0-01, O.O05 and 0-001, and 
the thus weighed compounds were mixed -bo obtain five kinds of 
mixtures as follows: Each of the desired amounts of gallium 
nitrate wee dissolved in water, and lithium hydroxide monohy- 
drate (Li0H-H a O; manufactured by Wako Pure chemical Indus- 
tries. Ltd*; guaranteed graded reagent) was added thereto to 
adjust the nH of the resultant solution. The pH was adjusted 
to be 11-1, 11-2, 11-4, 11-2 end 10-6 in the solutions having 
the molar ratios x of 0.05, 0*02, 0.01, 0*005 and 0-001, 
respectively. Then, basic nickel carbonata was added to the 
respective solutions to be homogeneously dispersed, and the 
urater contents of the solutions Mere evaporated. Each of the. 
resultant mixtures was charged in a tublar furnace having an 
alumina core tube to be fired in an oxygen stream o£ 50 
cmVroin- at a temperature of 660°C for 15 hours. At this 
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point, a molar ratio of lithium to the total amount or galli- 
um and nickel was set to be 1.05 In each solution* 

By using, the thus obtained powder, plate batteries (in 
which a liquid electrolyte was LiFP € /EC+DMC«-EKC ) were manu- 
factured to be subjected to a charging/dischargino; test using 
charge by a constant current and voltage and discharge by a 
constant current under the same condition as in Comparative 
Example 4, 

The variation of the discharge capacity of each battery 
up to the 20th cycle is shown In Figure 6. Further, a capac- 
ity holding ratio Rl from the let cycle to the 10th cycle 
(i.e. r the discharge capacity in the lOth cycle /the discharge 
capacity in the 1st cycle} and a capacity holding ratio R2 
from the 11th cycle to the 20th cycle (i.e., the discharge 
capacity In the 20th cycle/ the discharge capacity in the 11th 
cycle) are listed in Table i above. 

The results shown in Figure 6 and Table 1 reveal that 
the batteries exhibited an excellent cycle characteristic as 
compared with a battery containing no gallium, regardless of 
the molar ratio Further, in all the batteries, the dis- 

charge capacity was rather email at the initial stage of the 
test and was increased as the test proceeded, also regardless 
of the molar ratio x. The reason for this phenomenon is not 
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vary clear, but the phenomenon ie found to correspond to the 
process of a comparatively large over vol tags at the Initial 
stage being gradually settled. The quickness of the settle- 
ment of -the overvoltege, the discharge capacity attained when 
the Increase of the capacity la stabilized, and the cycle 
character iertic attained thereafter depend upon the molar 
ratio x- Specifically, as the molar ratio x decrease© from 
0.05, the settlement of the overvoltege becomes faster (I.e., 
it is settled by approximately the 5th cycle), and -the dis- 
charge capacity attained when the increase of the capacity is 
stabilized becomes larger- With regard to the cycle charac- 
teristic, the capacity is not decreased at all when 0*02 £ x 
jS 0.05, while it is slightly decreased when x < 0.02. Ac- 
cordingly, a preferable range of the molar ratio x la 0*001 < 
x £ 0.02, taking both the discharge capacity and the cycle 
characteristic into consideration. 
Comparative Example 5r 

The powder obtained in Comparative Example 1 was sub- 
jected to the x-ray powder diffraction, thereby obtaining a 
crystallite size In accordance with tbe above-mentioned 
method. The obtained result is listed in Table 1* By using 
this powder, a plate battery (in which a liquid electrolyte 
waa I*iPF 6 /EC-»-DM(>EMC) was manufactured to be suhj acted to an 
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overcharging test in the. following manner: 

The battery was charged by a" constant current and 
voltage under a condition of a maximum charging voltage of 
4*2 V, a charging currant of 0.3 raA/cm 2 and a charging time 
of 40 hours. Then, the battery was discharged by a constant 
current under a condition of a minimum discharging voltage of 
3.0 V and a discharging current of 0-3 raA/cm 2 . At this 
point, the charge capacity was 263 mAh/g and the discharge 
capacity was 221 mAh/g. Whan the charge/discharge was re- 
peated under the same condition, the charge capacity and the 
discharge capacity became 219 mAh/g and 214 mAh/g, respec- 
tively, in this manner r the battery using this po«*der was 
excessively charged P resulting in degrading the efficiency of 
the charge/discharge and decreasing the discharge capacity. 
Example 8: 

The five kinds of powder obtained in Example 7 were 
subjected to the x-ray powder diffraction, thereby obtaining 
crystallite sizes in accordance with the above-mentioned 
method * The obtained results are listed in Table 1. Among 
these powder, Ijry using the powder having the molar ratios x 
of 0.02 and O.O05, plate batteries (In which a liquid elec- 
trolyte was LiPF B /EC+DMC*RUC> were manufactured to be sub- 
jected to an overcharging test as follows: 
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The batteries wars charged by a constant: currant and 
voltage under a condition of a maximum charging voltage of 
4.3 V, a charging current of 0.3 mA/cm* and a charging time 
of 40 hours, and then were discharged by a constant current 
under a condition of a minimum discharging voltage of 2.0 v. 
and a discharging current of 0*03 mA/cm*, The charging 
voltage in this example was 4.3 V, which is a severer condi- 
tion than in Comparative Example 5, whara the charging volt- 
age was 4.2 V* 

The charge capacity and the discharge capacity of the 
battery using the powder with the molar ratio k of 0.0Z were 
246 mAh/g and 191 mAh/g, respectively . The charge capacity 
and the discharge capacity of the battery using the powder 
with the molar ratio x of 0*005 were 247 mAh/g and 207 mAh/g , 
respectively . 

when the charge/diecharge was repeated under the same 
condition, the charge capacity and the discharge capacity of 
the battery using the powder with the molar ratio x of 0*02 
became 191 mAh/g and 191 mAh/g, respectively* The charge 
capacity and the discharge capacity of the battery using the 
powder with the molar ratio x of 0*005 became 206 mAh/g and 
206 mAh/g , respectively. 

Thus, it was found that the battery using the powder 
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with a cry a tall ite size of 7O0 angstrom or less was not 
excessively charged even when supplied with a high voltage of 
4.3 V for a long -time, which is not the case with the battery 
of Comparative Example 5. Further , It was found that the 
efficiency of the charge/discharge o£ such a battery was not 
degraded , and that the discharge capacity was substantially 
maintained* m this manner, an excellent overcharge resis- 
tance can be attained by using powder with a crystallite size 
of 700 angstrom or less. 
Example 9: 

in BxarapLe 7, the Initial charge capacities of the 
batteries using the powder with the molar ratio x of 0,05 , 
0,02, 0*01 P 0*005 and 0,001 were 217 tftAh/g, 218 mAh/g, 237 
mAh/g, 235 mAh/g and 238 rnfth/g, respectively. The rise Of 
the discharge capacity was quicker in the battery with the 
initial charge capacity of 220 mAh/g or more. Therefore, the 
relationship between the charge capacity and the quickness of 
the rise of the discharge capacity was studied by using the 
battery using the powder with the mol&r ratio x of 0*02- 

By using the powder with the molar ratio x of 0.02 
obtained in Example 7, two plate batteries (In which a liquid 
electrolyte was LiPF t /EC+DMC+RMC) were manufactured. The 
cycle characteristics of the batteries were determined under 
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the same condition as in Example 7 except that the Initial 
charging time was respectively set to be 15 hows and 24 
hour a, which waa 8 haura in Example 7- 

The variation of the discharge capacity up to the 15th 
cycle is shown in Figure 7, In this graph, the capacity is 
normalized for comparison by using the capacity in the 15th 
cycle as 1. When the discharge capacity was 220 raAh/g or 
more, the increasing behavior of the discharge capacity waa 
found to be Improved. Specifically, it was found that the 
discharge capacity was risen by approximately the 5th cycle. 

Thus, when the charge capacity at the time of the 
production of a battery is set to be 220 mAh/g or more per 
weight of lithiated nickel dioxide containing gallium, the 
Initial overvoltage can be decreased and the rise of the 
discharge capacity can be quickened- 

Although the battery was charged at 220 roAn/g or more 
merely once in the let cycle in this example, the battery can 
be charged in the 2nd or later cycle and twice or a larger 
number of times. 

As described above, the present lithium secondary 
battery has an excellent cycle characteristic and overcharge 
resistance even when charged /discharged at a high capacity, 
and can attain a high energy density because it exhibits e 
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high discharging voltage. Accordingly , the present lithium 
secondary battery Is extremely valuable in the field of 
industry, 

Bxample 10: 

An electrode and a plate battery for a charg- 
ing/dischanging test were manufactured a9 follow; 

To a micture of the powder obtained in Example 1 as an 
motive material and «*rtixicial flaky graphite (KS15 manyfag- 
tured by Ronza Co., Ltd.) as a conductive substance was added 
an NMP solution including PVDF as a binder so as to attain a 
composition ratio among the active material, the conductive 
substance and the binder of 37:10:3 (weight ratio). The 
resultant: solution was kneaded to obtain a paste- 

The paste was coated on one surface of an aluminum foil 
of 20 una thick and vacuum- dried at 150 °C for B hours and 
pressed to obtain a sheet. Then, the sheet was cut to obtain 
a cathode of 1.3 cm x 1.8 cm size. 

Natural graphite { occurrencai Madagascar ) powder which 
was heat-treated at 3O0Q °C, and having a number -average 
particle size of 10 urn, a specific surface area of 9 m z /g 
according to a nitrogen adsorption method, a true specific 
gravity of 2.26, an lnterlayer spacing of 3.36 A in X-ray 
diffraction, and an ash content of 0.05% by weight, was mixed 
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with graphitic carbon black (TB38O0 manufactured by Tokai 
Carbon Co., Ltd.) subjected to gxaphitiz^tion at 2600 °C so as 
to at-bain a composition ratio among the natural graphite 
powder and the carbon black powder o£ 95 t 5 (weight ratio). 

One part by weight Of a silane coupling agent <A186 
manufactured by Nippon Unicar Co., Ltd. ) was added to a 
mixture- After sufficiently mixing them, the mixture was 
vacuum -dried at 150°C to obtain mixed graphite powder treated 
with the si lane coupling agent. 

Then, to the mixed graphite powder treated with the 
el lane coupling agent was added an NMP solution including 
PVDF as a binder so as to attain a composition ratio of the 
mixed graphite powder treated with the silgne coupling agent 
and the binder of 97:3 {weight ratio). The resultant solution 
was knesded to obtain a paste. The paste was coated on one 
surface of copper foil of 10 urn thick and vacuum -dried at 
150 °C for 8 hours and pressed to obtain a sheet* Then, the 
sheet was cut to obtain an anode of 1.5 cm x 2 cm size. 

By using tha thus obtained cathode and anode, a plate 
battery was manufactured together with a liquid electrolyte 
C1W LiPF^/BC+DKC-tEKC) and a polypropylene roicroporous mem- 
brane as a separator. 

The plate battery obtained above was subjected to a 
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charging/ discharging -test using using by a cons-tan t current: 
end voltage and discharge by a constant current: under the 
following condition: 

Maximum charging voltage: 4.2 v 

Charging time: 1 hour 

Charging current; 7*7 en A 

Minimum discharging voltage; 2,75 V 

Discharging currant: 7,7 in A 

The potential of the cathode of the present battery 
went above 4*2 V (vs* Li/W ) at the last stage of charging 
under the experimental condition owing to the mixed graphite 
powder treated with the silane coupling agent as an anode 
active material. 

The discharge capacity of let, lOth, 11th and 20th 
cycle were 3.67 f 3.79, 3.86 and 3.76 mAh. The capacity hold- 
ing ratios Rl and R2 were 1.032 and 0.967, respectively, and 
thus the battery exibited an excellent cycle characteristic 
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What is claimed Is: 

1,.A lithium secondary battery comprising: 

a cathode Including, as an active material, a material 

that can be doped/undoped with Lithium Ions; 

an anode including, as an active material, a lithium 

metal, a lithium alloy or a material that can be 

doped/undoped with lithium Ions; end 
a liquid or solid electrolyte, 

wherein said active materiel in said cathode is 
lithiated nickel dioxide containing galliurti« 

2» A lithium secondary battery according to claim 1, 

wherein said lithiated nickel dioxide containing galli- 
um satisfies the following relationship: 

O < x £ 0,2 

wherein x is a molar ratio o£ the gallium to a total 
amount of the gallium and nickel contained in said lithiated 
nickel dioxide. 

3. A lithium secondary battery according to claim 1, 

wherein said lithiated nickel dioxida containing galli- 
um satisfies the following relationship J 

O < x < Q.05 

wherein h is a molar ratio of the gallium to a total 
amount of the gallium and nickel contained in said lithiated 
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nickel dioxide. 

4- A lithium secondary battery according to claim l f 

wherein said llthlatad nickel dioxide containing ge Ili- 
um satisfies the fol loving relationship; 

0.001 < x < 0-02 

wherein k Is a ratal ar ratio of the gallium to a total 
amount of the gallium and nickel contained in said lithiated 
nickel dioxide, 

5. h lithium secondary battery according to claim 1, 

wherein said lithiated nickel dioxide containing galli- 
um is obtained by firing a mixture o£ a lithium compound, a 
nickel compound, and gallium or a gallium compound, 

6- A lithium secondary battery according to claim 1, 

wherein said lithiated nickel dioxide containing galli- 
um ie obtained by dispersing a nickel compound In an aqueous 
solution including a gallium compound end a water-soluble 
lithium salt, evaporating a water content of the res ul taut 
solution to obtain a mixture , and firing the mixture ar * 
atmosphere containing oxygen < 

7* A lithium secondary battery according to claim 6, 

wherein said gallium compound is gallium nitrate, said 
water-soluble lithium salt is lithium nitrate and said nickel 
compound is basic nickel carbonate. 
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8. A lithium secondary battery according to claim 1, 

wherein said lithiated nickel dioxide containing galli- 
um is obtained by adding a basic compound to an aqueous 
solution of gallium nitrate to attain pH of lO or roar©, 
dissolving lithium nitrate in the resultant solution, adding 
basic nickel carbonate thereto, than evaporating a water 
content of the solution to obtain a mixture, and firing the 
mixture in an atmosphere containing oxygen. 

9- A lithium secondary battery according to claim a, 
wherein said basic compound is lithium hydroxide. 

10- A lithium secondary battery according to claim l, 
wherein said lithiated nickel dioxide containing galli- 
um has a crystallite size of 700 angstrom or less determined 
through X-ray powder diffraction. 

11. A lithium secondary battery according to claim 1, 
wherein said lithium secondary battery is charged at 
lea at once at 2 ZD raAh/g or more per weight, at the time of 
the production thereof, of said lithiated nickel dioxide 
containing gallium. 

12 - A lithium secondary battery according to claim 1, 
wherein said anode Includes graphite as a sole component or a 
meiri component of an active material, and said liquid elec- 
trolyte comprises ethylene carbonate, dimethyl carbonate and 
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ethyl methyl carbonate. 
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